ABSTRACT In the Eastern Highlands of Papua New Guinea 46 men and 24 women with chronic lung disease underwent clinical and lung function investigations. In all cases the sole or predominant abnormality was irreversible airways obstruction, probably from chronic bronchitis with variable amounts of accompanying emphysema. There were close similarities to chronic obstructive lung disease in European populations in terms of symptoms, airways obstruction, transfer factor, and radiographic emphysema and inflammatory changes. Bronchiectasis and local fibrosis were present in a few subjects, but previous reports that pulmonary and pleural fibrosis are features of the disease were not confirmed. Possibly environmental and genetic factors may increase the associated blood gas disturbances leading to pulmonary hypertension. Unlike chronic obstructive lung disease in European populations, tobacco smoking is not an important aetiological factor. Although there is no direct evidence, the most likely possibilities are domestic wood smoke and acute chest infections.
In the Highlands of Papua New Guinea (PNG) several population surveys have reported a high prevalence of chronic respiratory symptoms and added chest sounds suggestive of chronic lung disease (CLD). These abnormalities become more common with age, affect men and women to a similar extent, and are associated with an obstructive ventilatory defect (Woolcock and Blackburn, 1967; Vines, 1970; Anderson, 1974a) . Detailed studies by Woolcock et al (1970) concluded that although CLD was predominantly a chronic obstructive lung disease (COLD), it differed from that seen in European populations in having no lung overinflation, greater blood gas disturbance in relation to impairment of expiratory flows, and a later onset of dyspnoea. The pathological basis was thought to be chronic bronchitis and emphysema with extensive fibrosis of the lungs and pleura, and this was supported by necropsy evidence from two Highland lungs.
The apparent importance of fibrosis has encouraged the theory that CLD is probably the result of acute chest infections. The possibility of a chronic allergic alveolitis due to mould sensitivity has also been raised (Blackburn and Green, 1966; Blackburn and Woolcock, 1971) . Pulmonary tuberculosis is absent or rare in most highland populations (Wigley, 1973) . By analogy with COLD in European populations, inhaled pollutants such as tobacco smoke and domestic wood smoke have also been suspected. The three population surveys cited above, however, found no relation between CLD and tobacco smoking, and direct evidence concerning the role of domestic wood smoke remains to be obtained. Knowledge of the pathological basis of CLD is important for further research into cause and for rational clinical management, but since necropsies are difficult to obtain it is necessary to rely on clinical investigations. The purpose of the present study was to extend available information about the clinical characteristics of highland CLD by using different methods of investigation in a larger and more severely affected group of subjects. The study took place at Goroka Hospital in the Eastern Highlands Province. The people of this area live at an altitude of 1500-2000 m and their characteristics and medical background have been described elsewhere (Hornabrook et al, 1974; Walsh, 1974) .
Methods
The criteria for inclusion in the CLD study were chronic symptoms of cough or shortness of breath on exertion, added chest sounds of any kind unassociated with evidence of recent chest infec-647 tion, and right heart failure. Subjects whose main complaint was episodic wheezing were classified as asthma, and these are described elsewhere (Anderson, 1974b (Meade et al, 1965 ) the total lung capacity (TLC), functional residual capacity (FRC), and residual volume (RV) were measured by the steady state helium method, and the transfer factor (TI) was measured by the single breath method. The mixed venous carbon dioxide tension (PMco2) was estimated by the rebreathing method of Campbell and Howell (1962) . After these tests the response of the FEV1 to inhaled salbutamol was measured.
Standard posteroanterior and right lateral chest radiographs were obtained and examined by an independent radiologist without clinical details or knowledge of the nature of lung disease in Papua New Guinea. The diaphragm was described as "low" if on the right side it was at or below the level of the 7th rib anteriorly, and "flat" if its dome was less than 15 cm above a line drawn between the costophrenic and cardiophrenic angles. A low or low-flat diaphragm was regarded as evidence of hyperinflation. The radiographic diagnosis of emphysema required a low-flat diaphragm plus narrowing or loss of pulmonary vessels (Simon, 1971) . Streaky shadows, with or without lobar shrinkage, were regarded as evidence of lung destruction or fibrosis, and dilated bronchi associated with patchy shadows or lobar shrinkage as evidence of bronchiectasis. Bronchograms were performed on eight patients by injecting an oily contrast medium ("Dyonosil oily") through the cricothyroid membrane after suitable local anaesthesia. The electrocardiograph was examined for evidence of right ventricular hypertrophy and pulmonary heart disease using the criteria of Rees et al (1964) .
Sera from 33 CLD subjects and 11 subjects over (Anderson, 1974b) . Haemoglobin (Hb) levels were compared with those reported for a nearby population (Crane et al, 1972) . Reference values for FEV1, FVC, and FEV1/FVC% were obtained from whole population data , and reference values for the other lung function tests were based on data from 45 men and 35 women described elsewhere group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from the age of 55 years. Shortness of breath had usually been preceded by chronic productive cough and was often of a wheezing character brought on not only by exertion but by coughing bouts and acute chest infections (increasing cough with purulent sputum and fever). Crepitations (crackles) tended not to clear completely with coughing, were medium or coarse rather than fine in character, and were often heard in both expiratory and inspiratory phases of respiration. Rhonchi (musical or wheezing sounds), which were observed in fewer patients, were usually low pitched and scattered and tended to clear with coughing; however, a few subjects had generalised high pitched rhonchi that varied from day to day. An audible productive or "loose" cough was elicited in most subjects. Physical signs of respiratory obstruction were observed in most of the severe group; these included contraction of sternomastoid and scalene muscles on inspiration, tracheal tug, abdominal 'respiration, and indrawing of supraclavicular spaces and intercostal muscles on inspiration. Right heart failure (defined as raised jugular venous pressure with peripheral oedema) had been present on admission or on a prior occasion in about 40% of the severe group.
The radiographic findings are shown in table 2. kPa (range 5 3-9-3) and all but one was above 6-0 kPa (estimated upper limit of normal at this altitude). In severely affected men and women of both groups the Hb level was at least 2 g% above that predicted for the general population. Among the whole group of 70 subjects, four men and two women had values of TLC of less than 75% predicted (lowest value was 68% predicted) and for this reason might be considered to have had a significant degree of restriction.
Although values for the Ti obtained in three of this group were all reduced (range 59-66% predicted) the diffusing capacity per unit lung volume (Kco) was above 90% in each case. None of these six cases had radiographic evidence of local or diffuse fibrosis; their radiographic abnormalities were: right middle lobe bronchiectasis (one), limited emphysema (two), low diaphragm (one), unilateral effusion (one), and normal film (two).
On average, the TI was lower in those with radiographic evidence of emphysema (77% predicted) than in those without (92% predicted). None of the three subjects with a TI of less than 60% predicted had radiographic evidence of pulmonary fibrosis.
Within the severe group, subjects with past cardiac failure were, on average, six years older and had higher values for Pvco2 (8-2 kPa) than those without (7 0 kPa). They also tended to have lower lung volumes and transfer factor though these differences were not pronounced and the FEV/ VC% was similar in both groups.
Reactions of 3 mm or more to prick testing with a number of allergens were observed in 5/19 (26%) of less severe and 7/30 (23%) of severe subjects; these rates did not differ significantly from those observed in 122 highland village adults. H influenzae (H1) antibodies were significantly more common in patients (12/33) than in hospital controls (0/11).
Discusson
In all subjects investigated the sole or predominant lung function abnormality was one of chronic airways obstruction. This suggests that the main cause of chronic productive cough in this community is chronic bronchitis. The evidence of the chest radiograph and transfer factor suggests that a proportion of subjects also had emphysema (Thurlbeck et al, 1970; Hugh-Jones and Whimster, 1978) . These findings are supported by the limited amount of available pathological data (Woolcock et al, 1970; Cooke and Toogood, 1975) . While the less severe group was likely to be reasonably representative of CLD at the village level, the more severe group may have been biased towards those types of chronic lung disease that are more liable to infective complications and cardiac failure. For this reason, chronic bronchitis may have been over-estimated in relation to emphysema.
There is little doubt that a minority of cases had local pulmonary fibrosis or bronchiectasis and that the latter might have been underestimated from the plain chest radiograph. The present radiographic evidence, however, does not support the conclusion of Woolcock et al (1970) that extensive pulmonary and pleural fibrosis is a feature of CLD. Furthermore, a restrictive lung function component was not prominent, and none of those with relatively low values for the TLC had evidence of lung fibrosis or reduction in Kco.
All subjects with a history of episodic wheezc, suggestive of asthma were excluded from this CLD series. About one-fifth of Highland asthmatics investigated, however, had additional symp-toms of chronic cough and might, for this reason, have been also classified as CLD. These cases were 12 years older at the onset of asthma (mean onset age 40) but otherwise resembled other asthmatics rather than the CLD group in terms of sensitivity to allergens (100% positive), sputum histology, and variability of FEV1 (Anderson, 1974b) . Lung volumes were consistent with obstruction and the Ti was normal. Because asthma has a low prevalence in this area, it is unlikely that this overlapping category is important at a village level.
Highland CLD closely resembles the COLD of European countries in many respects. Compared with 100 patients from London and Chicago (Burrows et al, 1964) the 29 Highland men with severe CLD were similar in respect of airways obstruction (FEV1, FEV1!/VC%, RV, RV/TLC%), chronic cough, dyspnoea on exertion, and radiographic evidence of inflammatory changes and emphysema. The frequency of radiographic emphysema (both widespread and limited) was also similar to that observed in a London series with similar degrees of airways obstruction and examined by the same radiologist using the same criteria (Simon et al, 1973) . The Highlanders differed from the London and Chicago group in having a normal rather than increased TLC and in having less reduction in Ti; however, when corrected for differences in Hb by the method of Cotes et al (1972) , the Ti was reduced to the level of the London and Chicago group. The frequency of H1 antibodies was similar to that observed in British patients with simple chronic bronchitis (Bums and May, 1967) .
Compared with the European series, the Highland subjects had higher levels of Hb and Pvco2 (allowing for altitude), and a higher proportion had an enlarged heart, cardiac failure, and electrocardiographic evidence of right ventricular hypertrophy. Although these differences might be explained by selection, the blood gas results are supported by the finding of Woolcock et al (1970) among less selected and less severe subjects with CLD, that blood gas disturbances were greater than expected from the reduction in expiratory flows. This might be due to: (1) a reduced ventilatory response to co2 that has been shown in healthy highlanders and coastal dwellers and which is believed to be genetically determined (Beral and Read, 1971; Patrick and Cotes, 1974) or (2) a reduced ventilatory response to hypoxia that is known to occur in Andean Indians reared at 2300 m (S0renson and Severinghaus, 1968) and which might be relevant at the slightly lower altitude of the PNG Highlands or both. Considering also the effect of hypoxia of altitude (normal Pao2 at 1600 m is about 10 kPa), it appears that highlanders with CLD would be likely to develop pulmonary hypertension and right heart failure at an earlier stage of the disease. This may explain the relatively younger age of the Highland subjects compared with the European group.
In view of the aetiological importance of inhaled pollutants in European COLD, a similar mechanism would also seem likely in the Highland context. Although the smoking of home grown tobacco is common in this area, however, epidemiological studies have failed to show any relation to obstructive lung disease (Woolcock and Blackburn, 1967; Vines, 1970; Anderson, 1974a) and the distribution of smoking habits among the present 70 subjects did not differ from those expected in the general population. The other main inhaled pollutant, one to which the entire population is exposed every night, is domestic wood smoke (Cleary and Blackburn, 1968; Anderson, 1974a) , but this has been difficult to implicate directly because of the absence of non-exposed Highlanders with whom comparisons could be made.
Vines (1970) and Woolcock et al (1970) have both suggested that the main cause of CLD may be repeated or severe chest infections. The present study supports this theory in so far as some subjects were found to have local lung fibrosis and bronchiectasis that had presumably resulted from acute infections, possibly in early life. Most subjects, however, had no such evidence of past lung damage, and the proportion with "inflammatory changes" was no greater than in European COLD. There is limited evidence from European populations that childhood chest infections may act in a more subtle manner by sensitising the airways to the effects of inhaled pollutants (Colley et al, 1973; Burrows et al, 1977) . Such an association, if established in European populations, would clearly be relevant to Highland CLD. It has been speculated that Highland CLD might be at least partly due to a chronic allergic alveolitis similar to farmer's lung (Blackburn and Green, 1966; Blackburn and Woolcock, 1971) . Notwithstanding the fact that farmer's lung may lead to obstructive lung disease and radiographic emphysema (Hapke et al, 1968) 
